Irradiation (A > 290 nm) of 6-thiopurine and some 9-substituted 6-thiopurines in oxygen saturated iertf-butanol leads to hypoxanthine, purine and purine-6-sulfonic acid or their substituted derivatives. Purine and hypoxanthine formation can be sensitized with dyes. The reaction of 6-thiopurine with singlet oxygen has also been performed with purine and hypoxanthine among other products. It seems however that x 02 is not an important intermediate in the photooxygenation. The photoreaction may have some synthetic value. Hypoxanthines (~50%) or purines (35-45%) were obtained depending on the solvent used.
Introduction
Sulfur-containing derivatives of purine are of considerable importance in biological systems. Thiopurines have been shown to have antitumor and other inhibitory properties [1] . Although much work has been done on the photochemistry of purines over the past decade [2, 3] few reports have dealt with the photochemical properties of thiopurines. Thioamide moiety of 4-thiocaffeine was reported to undergo light-induced addition to electron-deficient olefins yielding thietanes [4] . 6-Thiopurine and 6-thioguanine were found to be sensitive to photodynamic action [7] . However no definite conclusion concerning the structure of photoproduct(s) was given. We have undertaken the study of photochemical reactivity of thiopurines and in this paper we present results on the photolysis in the presence of oxygen.
Thiocarbonyl compounds are easily photooxygenated yielding corresponding ketons as the major products [6] [7] [8] . Since thiopurines are not considered to be suitable for direct conversion to oxopurines in thermal reaction [9] we were also interested in synthetic aspects of the photoreaction. The reaction was monitored by UV ( Fig. 1) and TLC analysis. Hypoxanthine (2 a), purine (3 a) and purine 6-sulfonic acid (4 a) were isolated from the irradiated mixture by preparative TLC (Scheme). Yields of SCHEME s o CHJ the photoproducts are presented in Table. The quantum yield of la disappearance is 0.005 at A = 328 ± 10 nm. Thiopurines lb and lc undergo the same reaction to give 2 b, 3 b and 2 c, 3 c respectively (Scheme and  Table) . The structure assignments of the photoproducts obtained were based on their spectroscopic data as well as on their chromatographic behavior. The products 4 a is thought to be a sulfonic rather than sulfinic acid. The UV (pH 4-12) and IR spectra of 4 a were identical with those of synthetized purine-6-sulfonic acid [10] . Satisfactory elemental analysis of 4 a (potassium salt) was obtained. Moreover it was shown that 4 a was quantitatively converted to 2 a when stored at pH 1 for 24 h (Fig. 2) .
Results and Discussion
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The product 4 a may arise from purine-6-sulfinic acid. The latter could not be isolated but purine-6-sulfinic acid was reported to be more labile [10] . It could be oxidized to sulfonic acid or instantaneously converted to hypoxanthine in acidic or basic conditions. Sulfinic and sulfonic acids were postulated as intermediates in photosensitized oxygenation of thioureas [11] and direct irradiation of 4-thiouracils in the presence of oxygen [6] . They could not be isolated however. It is possible that purine-6-sulfinic acid is a precursor of 2 a in this case. The formation of 3 a is not clearly understood however. The presence of oxygen is necessary since neither 2 a nor 3 a were found when the irradiation was performed in nitrogen atmosphere followed by oxygen bubbling through the reaction mixture in the dark.
Many thiocarbonyl compounds [7, 8, 12] are good singlet oxygen acceptors and react according to type 2 mechanism [11] in direct photooxygenation reaction. In order to know whether singlet oxygen is the reactive species in the photooxygenation of thiopurines 1 we carried out several tests. Our results suggest that the involvement of x 02 is not important. The reaction was not inhibited when 1 a was irradiated in the presence of sodium azide (up to c = 9 X 10-4 M) [13] or thiourea (0.05 M) [14] . These results were confirmed by comparing rate of conversion of la in D2O and H2O [15] . The photolysis rate was 1.4 X higher in D2O. This is much less than usually expected for a reaction in which singlet oxygen is solely responsible for oxidation. On the other hand the free-radical inhibitor hydroquinone slowed the reaction rate noticeably. 1.60 X 10 -5 M of 1 a and only 0.85 x 10~5 M of 1 a reacted when 1 a alone and la + hydroquinone were irradiated respectively at A = 328 ± 10 nm. In order to get more definitive conclusion we attempted to identify the products from the reaction of 1 a with X Ö2 generated thermally from 9,10-diphenylanthracene endoperoxide [16, 17] . The reaction led to a mixture of at least three products. Only one of those was isolated and identified as hypoxanthine. Traces of purine were also present as indicated by TLC analysis. Irradiation of la in the presence of methylenen blue, bengal red and rhodamine led to a formation of purine (3 a) and hypoxanthine (2 a). The photochemical reactions were accompanied with bleaching of the sensitizer dyes.
The photoreaction may have some synthetic value. Hypoxanthines 2 a, 2 b were isolated in good yields (Table) after treating the irradiated mixture of la and lb with 0.1 N aqueous HCl. On the other 
Irradiation technics
The preparative irradiations were carried out in a cylindrical reactor using immersion high-pressure mercury lamp TQ 150 (Original Hanau) provided with a cyclindrical Pyrex filter (A > 290 nm). 1000 W halogen lamp (POLAM OR-3m) together with a glass filter ZC-11 (Mashpriborintog, USSR) was used as a light source (A > 400 nm) in dye sensitized irradiations. Irradiations with monochromatic light A = 328 ± 10 nm were carried out on a optical bench using a HBO-200 high pressure mercury lamp (Narva) and a combination of interference (Zeiss) and glass BC-4 (Mashpriborintog, USSR) filters, Io = 0.056 X 10~3 E/l-min. Uranyl oxalate was used as actinometer [21] .
Irradiation of thiopurines
All preparative irradiations were performed on 170-250 mg scale using the solutions of thiopurines c=l X 10 -3 M in tert-butanol or acetic acid. Because of solubility limitation a solution of lc in tertbutanol c = 2 x 10 -5 M was prepared. A portion (70 ml) of the solution was placed in the reactor and oxygen was bubbled 1 h before and during the irradiation. The solution was irradiated for 10 min.
Irradiation of 1 Si in tert-butanol
Removal of the solvent left a pale yellow solid which consisted of four products according to TLC (A, C) analyses. The solid was dissolved in water and the compounds were separated by preparative TLC (C). 3a was then rechromatographed (A). Three products were identified. The compounds 2 a and 3 a were identical with authentic samples of hypoxanthine and purine. Spectral (UV, IR), chromatographic (TLC, A, C) and analytical data of 4 a were identical with those of synthesized purine-6-sulfonic acid [10] . In another experiment the residue after the solvent removal was treated with 0.1 N HCl for 24 h. The solution was neutralized with aqueous NaOH and concentrated. Inorganic salt was precipitated by methanol. The compounds were separated by preparative TLC as described above.
Irradiation of la in acetic acid
The solvent was evaporated to give yellow solid which was a mixture of three products. The mixture was separated as described above.
Irradiation of lb in tert-butanol
Evaporation of the solvent left a pale yellow residue which consisted of four products according to TLC (A, B) analyses. Isolation by preparative TLC (C) afforded 9-n-propylhypoxanthine (2 b) and 9-w-propylpurine (3b). 3 b was purified by converting to a corresponding picrate. The picrate was recrystallized from methanol, then dissolved in chloroform and the solution was filtered through a column with neutral AI2O3 (Merck). Solvent removal gave 3 b as a colorless solid.
When the irradiated mixture was treated with 0.1 N HCl the procedure used was the same as for la.
The spectral data for new compounds 2 b and 3 b are given below. 
Irradiation of lb in acetic acid
The residue consisted of four products according to TLC (A, B) analyses. Chromatography as described above gave 2 b and 3 b.
Irradiation of lc, in tert-butanol
The residue consisted of three products according to TLC (A, C) analyses. Two of them were identified as 9-[3-propyl-(thym-l-yl)]-hypoxanthine (2 c) and 9-[3-propyl(thym-l-yl)]purine (3c No reaction occured when la or la and 9,10-diphenylanthracene were refluxed for the same period of time.
Dye-sensitized irradiation
